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The thermal dissociation of endo-dicyclopentadiene (1} has 
been studied in depth.'*' In fact, cracking of endo-dicyclopenta- 
diene provides a ready source of the unstable monomer. When endo- 
dicyclopentadiene is heated to temperatures greater than 150°, 
it undergoes cleavage to cyclopentadiene. At 0° cyclopentadiene 
undergoes spontaneous Diels-Alder dimerization giving exclusively 
endo-dicyclopentadiene. Heating the endo-isomer causes rearrange¬ 
ment to the thermodynamically more stable exo-dicyclopentadiene 
Evidence that this reverse, or retro, Diels-Alder reaction 
takes place in two discrete stages has been set forth by Woodward 
and Katz. Their evidence for this two-stage decomposition is 
based on results obtained from heating oxygen-substituted deriva¬ 
tives of endo-dicyclopentadiene. 1-Acetoxy-endo-dicyclopentadiene 
(3^), heated at 200°, cleaves to cyclopentadiene and acetoxycyclo- 
pentadiene. A somewhat different behavior is observed when 
g-l-hydroxy-endo-dicyclopentadiene (£) is heated to the relatively 
low temperature of 140°. At this temperature it undergoes 
1 
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rearrangement to the isomeric syn-8-hydroxy-endo-dicyclopenta- 
diene (5). The 1-isomer may be converted almost quantitatively 
4 5 
to the 8-isomer by slow distillation. That this alcohol undergoes 
intramolecular rearrangement rather than cleavage and subsequent 
addition was borne out by studies with optically active substrates. 
A thermal decomposition to cyclopentadiene and hydroxycyclopenta- 
diene followed by addition would result in the formation of a 
racemic mixture and, thus, loss of optical activity at the 
asymmetric carbon. Instead, the optical integrity of the com¬ 
pound was maintained. At higher temperatures and for longer 
4 
periods of time the alcohol £ undergoes complete cleavage. 
3 
Alder and Stein-'- suggested that at 170°, there exists an 
equilibrium between endo-dicyclopentadiene and cyclopentadiene 
such that there is present a significant concentration of the 
monomer. Dimerization could give either the endo- or the exo- 
5 
isomer. On the other hand, Schroder concluded that at any 
given temperature there is no dissociation of exo-dicyclopenta- 
diene directly to cyclopentadiene. Instead, it undergoes intra¬ 
molecular rearrangement to endo-dicyclopentadiene and then 
f) 
cleavage to the monomer. As a result of this disparity, Baldwin 
studied the thermal behavior of deuterium-labeled endo- and exo- 
dicyclopentadiene. Since each reaction resulted in deuterium 
scrambling, he concluded that both compounds rearrange via an 
external mechanism, i.e., first cleavage to cyclopentadiene 
followed by random redimerization. 
The photochemistry of cyclopentadiene has similarly received 
7 
considerable attention. Cyclopentadiene, when irradiated in the 
presence of a sensitizer, gives rise to three dimers, endo- 
dicyclopentadiene (1) , exo-dicyclopentadiene (2^) , and tricyclo- 
Q>. 3.0.0^ ' ^Jdeca-3,9-diene (6_) , in approximately equimolar 
quantities. 
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A comparison of the products of the thermal reactions with 
the photoproducts of cyclopentadiene gives cause for speculation. 
Using the selection rules governing electrocyclic and cyclo- 
O 
addition reactions recently set forth by Woodward and Hoffmann , 
it is possible to predict the products of the above cycloaddition 
reactions. These selection rules are based on the principles of 
conservation of orbital symmetry. These reactions are allowed 
only if overlap between the highest occupied molecular orbital of 
one of the species with the lowest unoccupied molecular orbital 
of the other is such that there is overlap only between positive 
lobes and between negative lobes. One consequence of these 
selection rules is that any concerted reaction which proceeds 
thermally is not allowed photochemically, and vice versa. It 
also follows that if a reaction proceeds via a photochemical or 
a thermal path, then its reverse should also be true. According 
to these rules, systems of (4+2), (6+4), and (8+2) 
TT-electrons will undergo thermal cycloadditions, while systems 
of (2 + 2) , (4 + 4) , and (6 + 2) Tr-electrons will react photo¬ 
chemically. While the products of the thermal reactions of 
cyclopentadiene are expected, the photochemical behavior is 
5 
somewhat surprising. The (4 + 2) iT-electron addition product, 
endo-dicyclopentadiene (1.) , is predicted—quite correctly— as the 
product of the thermal reaction of cyclopentadiene. The photo¬ 
chemical product should arise from (2+2) addition to give the 
tricyclodecadiene 6^ exclusively. Acetone sensitized irradiation 
9 
of a concentrated solution of 1^ gives only the cage compound. 
Exo-dicyclopentadiene, which is formed from a thermal reaction, 
should not give the monomer on photolysis. Tricyclodecadiene 6_ 
should revert, when irradiated, to cyclopentadiene. 
In an attempt to characterize the various reactions cited 
above, an investigation of the thermal and photochemical reactions 
of endo- and exo-dicyclopentadiene and endo- and exo-g-l-hydroxy- 
dicyclopentadiene was undertaken. 
RESULTS AND DISCUSSION 
In this investigation, a comparison was made of the thermal 
and photochemical reactions of endo- and exo-dicyclopentadiene 
and endo- and exo-g-l-hydroxydicyclopentadiene. The results 
obtained were analyzed on the basis of two implications of the 
Woodward-Hoffmann Selection Rules cited earlier: (1) Any con¬ 
certed cycloaddition reaction which proceeds thermally is not 
allowed photochemically, and vice versa; and (2) If a reaction 
proceeds via a thermal or photochemical path, then the reverse 
process should occur by the same route. 
It is known that endo-dicyclopentadiene undergoes thermal 
decomposition to cyclopentadiene and that the monomer dimerizes 
at 0° to form exclusively the endo-dimer.^'2 The behavior of 
exo-dicyclopentadiene, because it was generated from a thermal 
process, should be analogous. Photolysis of neither dimer should 
result in cyclopentadiene formation if the selection rules are to 
be accepted as applicable to this system. The formation of endo- 
and exo-dicyclopentadiene in addition to the expected tricyclo- 
decadiene in the sensitized photodimerization of cyclopentadiene 
must be explained differently. 
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As has been mentioned earlier, Woodward and Katz showed 
that g-l-hydroxy-endo-dicyclopentadiene (£) rearranges to syn-8- 
hydroxy-endo-dicyclopentadiene C5) when heated to 140°. Because 
of the similarities in the thermal reactions of the endo- and 
exo-dienes, rearrangement of the g-l-hydroxy-exo-dicyclopentadiene 
analogous to that observed in the endo-isomer should be possible. 
6 
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Although the enhanced thermodynamic stability of the exo-alcohol, 
as compared to the endo-isomer, should result in a smaller degree 
of rearrangement in the exo-alcohol, there should be no basis for 
doubting that rearrangement might occur, albeit to a smaller 
extent. However, Cookson, et.al.,subjected this dienol to 
identical conditions described by Woodward and Katz and observed 
no rearrangement. In spite of these results, an attempt to 
observe the rearrangement in the exo-series appeared worthwhile. 
5 6 
The work already done on endo-dicyclopentadiene gives some 
support to Selection Rule (2). No such study has been made 
using the exo-dicyclopentadiene. A complete characterization of 
the thermal and photochemical reactions of both compounds should 
contribute significantly to the determination of the extent of 
applicability of the Woodward-Hoffmann Rules to the dicyclopenta- 
diene system. Based on the elegant works of Woodward and Katz^, 
the thermal and photochemical reactions of the endo- and exo¬ 
alcohols should do much to complement these results, since 
addition of oxygen to the dienes does not alter the course of 
these reactions. For these reasons, endo- and exo-dicyclopenta- 
diene and endo- and exo-g-l-hydroxydicyclopentadiene were 
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selected as the compounds to be used in this study. 
The syntheses of the desired compounds, outlined in the flow 
chart below, were, with one exception, accomplished in good 
yields and with little difficulty. 
OH 
4 5 5a 
Reaction of endo-dicyclopentadiene (1) with concentrated aqueous 
hydrochloric acid gave chlorodihydro-nor-dicyclopentadiene {2a, 
A (CC14) 3.4, 6.92, 7.74, 7.93, 9.63, 10.05, 11.12, 11.45y; 6 = 
1.45 (2H, multiplet), 2.0 (6H, complex multiplet), 2.5 (2H, com¬ 
plex multiplet), 3.85 (1H, multiplet), 5.4 (1H, multiplet), 5.7 
(1H, multiplet) ppm} in 82.7 per cent yield. Dehydrochlorination 
of the chloro compound 2a with potassium t-butoxide gave exo- 
dicyclopentadiene {2_, X (CCl^) 3.29 , 3.4, 6.3, 6.99, 7.54u; 6 = 
1.4 (4H, singlet), 2.5 (6H, complex multiplet), 5.6 (1H, triplet, 
9 
J = 7 cps), 6.05 (1H, singlet) ppm } in 80.7 per cent yield. Treat¬ 
ment of the exo-diene 2_ with acetic anhydride and selenium 
dioxide afforded 1-acetoxy-exo-dicyclopentadiene { 5a, X (CC14) 
2.9, 3.3, 3.4, 5.8 (^3=0), 7.35, 8.1, 8.96y; 6 = 1.2 (2H, singlet), 
1.9 (4H, singlet), 2.74 C4H, multiplet), 5.8 C2H, multiplet), 
6.15 (2H, triplet, J - 1.5 cps) ppm} in systematically low yields. 
Several variations of reaction conditions gave no significant 
increase in yield. Hydrolysis of the acetate, 5a, with metha- 
nolic potassium hydroxide gave g-l-hydroxy-exo-dicyclopentadiene 
(5, X (CC14) 3.4, 7.05, 7.8, 8.0, 9.15, 11.6, 14.4y; 6 = 1.3 
(2H, multiplet), 2.0 (1H, doublet, J = 7 cps), 2.7 (3H, multiplet), 
4.0 (1H, singlet), 4.25 (1H, multiplet), 5.8 (2H, singlet), 
6.15 (2H, singlet) ppm} almost quantitatively. Oxidation of endo- 
dicyclopentadiene (1_) with selenium dioxide gave a-l-hydroxy- 
3 
endo-dicyclopentadiene (£) {A. (CC14) 3.04, 3.39, 5.98, 7.48, 
9.05, 9.70, 9.92, 10.45, 10.99, 13.87y; 6 = 1.5 (2H, multiplet), 
2.65 (2H, complex multiplet), 3.0 (1H, multiplet), 3.4 (2H, 
multiplet), 4.0 (1H, multiplet), 5.6 (2H, multiplet), 5.9 (2H, 
multiplet) ppm>}« 
The primary analytical tool for detection of the extent of 
reaction was gas chromatography. Retention times were measured 
with respect to air and comparisons with authentic samples were 
made where possible. 
Endo-dicyclopentadiene dissociated, in part, to cyclopenta- 
diene when heated at 150° for l%-2 hours. Chromatograph peaks 
assigned to cyclopentadiene completely disappeared when the 
10 
sample was allowed to stand at room temperature. At no time was 
the presence of any other isomer detected. Subjected to identical 
conditions, exo-dicyclopentadiene also dissociated to cyclopenta- 
diene but to a lesser degree than did the endo-isomer. 
The above results clearly refute Schroder's earlier sugges¬ 
tion that there is no dissociation of exo-dicyclopentadiene to the 
monomer or that the diene undergoes an intramolecular rearrange- 
5 
ment. It seems quite apparent that each diene undergoes decom¬ 
position, in varying degrees, to cyclopentadiene. 
R 
With the thermal reactions completed, each diene was irradi¬ 
ated to determine if cyclopentadiene formation was also a photo¬ 
chemical process. These irradiations were carried out using 
hexane as solvent and benzophenone as sensitizer. Benzophenone, 
in addition to its efficiency in intersystem crossing (3> = 0.99), 
is a high triplet energy sensitizer (E^_ = 69 Kcal/mole) . The 
lifetime of its excited state is long enough to transfer its 
energy to the diene molecules, assuming that any reaction which 
occurs proceeds via triplet intermediate. The retention times of 
the solvent and cyclopentadiene were nearly identical and,there¬ 
fore, cyclopentadiene formation was observed indirectly. Since 
11 
cyclopentadiene is formed at the expense of dicyclopentadiene one 
should observe, during successive irradiations, a decrease in the 
size of the dicyclopentadiene peak. No obvious decrease in peak 
size occurred when one per cent solutions of the endo-isomer were 
irradiated. Only polymer was observed after irradiation periods 
varying from 10 to 90 minutes. No cyclopentadiene formation was 
detected even under conditions where the monomer could be ob¬ 
served directly. As was expected, no cyclopentadiene formation 
was observed when exo-dicyclopentadiene was irradiated for 90 
minutes. 
R = H; R = OH 
The thermal decomposition of endo- and exo-dicyclopentadiene 
to cyclopentadiene coupled with no cyclopentadiene formation 
during photolysis of these compounds are in good agreement with 
Woodward and Hoffmann's suggestion that thermal reactions are 
not allowed photochemically. It is possible, however, that the 
triplet energy of benzophenone is not sufficient to initiate a 
photochemical decomposition in either diene. Such an unequi¬ 
vocal conclusion cannot, in truth, be reached until the reaction 
is attempted using higher energy sensitizers such as acetone, 
capable of efficiently transferring its energy to molecules 
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which have high triplet energies. 
An attempt was made to determine if there is any rearrange¬ 
ment in g-l-hydroxy-exo-dicyclopentadiene analogous to that 
observed by Woodward and Katz in the corresponding endo-isomer. 
g-l-Hydroxy-endo-dicyclopentadiene rearranged after being heated 
at 150° for lh hours. That the new compound formed was the syn- 
8-hydroxy-endo-dicyclopentadiene was confirmed by a comparison 
of gas chromatographic retention time and NMR spectrum with those 
of an authentic sample. 
g-l-Hydroxy-exo-dicyclopentadiene was heated at 150° for 3 
hours. Chromatograms of the product indicated the formation of 
what was, hopefully, the rearranged alcohol, anti-8-hydroxy-exo- 
dicyclopentadiene (7_) . In an attempt to effect a greater conver¬ 
sion to the new substance, the compound was heated for longer 
periods of time. Maximum conversion was obtained after 3 hours 
of heating, whereas significant cleavage was observed when the 
compound was heated overnight at 150°. Slow distillation at 
150°/35 mm using a short path distillation column gave a distil¬ 
late which was a mixture of the two isomers. The relative 
retention times of the exo-g-l-dicyclopentadienol and the 
rearranged material were comparable to those of the correspond¬ 
ing alcohols in the endo-series. Endo-l-dienol £ and exo-1- 
dienol 1_ had retention times of 10.95 and 10.9 min., respectively. 
The endo-syn-8-dienol 5 obtained from rearrangement of 4_ had a 
retention time of 7.2 min. and the rearrangement product from 1_ 
appeared after 6.98 min. A smaple for NMR analysis was- 
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collected by preparative gas chromatography. The NMR spectrum 
indicated the formation of three new peaks, at 6 = 3.95, 5.5 
and 5.95 ppm. The new peaks at 6 = 5.5 and 5.95 (vinyl 
region) were expected. The shift of the hydroxyl group from the 
1-position to the 8-position would result in changes in chemical 
shifts for the protons on both vinyl groups. The 3.95 ppm 
peak results from the hydroxyl proton. Rearrangement of the exo 
alcohol should result in retention of the exo-skeleton. The 
change in the NMR spectrum is quite analogous to that observed 
from inspection of the spectra of alcohols _4 and _5. These 
results are at least consistent with the formation of 8^. The 
anti-configuration assigned to C-8 in alcohol £ arises from 
mechanistic considerations. If the stereochemistry is maintained 
•3 
as was observed for rearrangement in the endo case , then the 
anti-alcohol is the predicted product. The sequence shown 






8 H OH 
5 6 
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The orientation (anti or syn) of the hydroxyl group can be ascer 
tained by determining the rate of solvolysis of the toluenesulfo 
nyl derivative. Solvolysis of the toluenesulfonate of the anti- 
8-alcohol should be rapid, whereas that of the syn-8-alcohol 
should be sluggish. 
Calculation from integrations of the NMR spectrum and 
chromatograph of relative amounts of each compound indicate not 
more than 20 per cent rearrangement of g-l-hydroxy-exo-dicyclo- 
pentadiene to anti-8-hydroxy-exo-dicyclopentadiene. 
With the results obtained from the thermal reactions of the 
dienes and alcohols, it may be concluded that the driving force 
in the exo-series is such that decomposition or rearrangements 
are not as extensive as in the endo-series. This fact is borne 
out by the observation that exo-dicyclopentadiene does not 
decompose to the same degree as the endo-diene, and that the 
rearrangement in the exo-hydroxy diene is approximately 20 per 
cent as compared to quantitative rearrangement in the correspond 
ing endo-isomer. Formation of endo- and exo-dicyclopentadiene 
from the irradiation of cyclopentadiene must still be justified. 
There is little doubt that this reaction proceeds via triplet 
intermediate. However, the excited triplet species may then 
proceed, not in a concerted manner, b ut stepwise to the three 
12 
dimers 1, 2^, and _3* Dienes 1 and 2_ may be the result also 
13 of a vibrationally excited ground state species. Thus, the 
formation of 1 and 2_ may not be a violation of the Woodward- 
Hoffmann Rules. 
EXPERIMENTAL 
Nuclear magnetic resonance spectra were recorded on a Varian 
Associates A60-A Spectrometer using internal tetramethylsilane 
(TMS) as reference. Chemical shifts (6) are reported in parts 
per million (ppm) downfield from internal tetramethylsilane. A 
Beckman IR-5A Infrared Spectrophotometer was used to record infra¬ 
red spectra which were calibrated against the 6.24u band of poly¬ 
styrene film. Carbon tetrachloride was used as solvent for all 
spectra. An Aerograph A90-P3 gas chromatograph was used for 
chromatographic analyses. The dienes and alcohols were irradiated 
in a Pyrex irradiating chamber with a water-cooled Hanovia 450- 
watt mercury arc lamp. A Pyrex filter was used with the lamp to 
absorb radiation less than 2900 A0. 
15 
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Endo-dicyclopentadiene (_1) .— Commercially obtained dicyclo- 
pentadiene (Eastman Organics) was distilled at aspirator pressure 
through a Vigreux column. The diene was stored in a brown bottle 
in the refrigerator until needed; b.p. 71°/17 mm (Reported:14 
70°/23 mm). X (CC14) 3.29, 3.44, 6.20, 6.95, 7.48, 7.98, 11.0, 
12.2, 13.80, 14.20, 14.78y; 6 = 2.0 (8H, complex multiplets), 
5.5 (2H, complex multiplet), 5.95 (2H, multiplet) ppm. 
a-1-Hydroxy-endo-dicyclopentadiene (4).— The alcohol was 
O 
prepared according to the procedure of Woodward and Katz. To a 
solution of 38 ml (0.24 moles) of endo-dicyclopentadiene in 100 
ml of p-dioxane were added 10 ml of water and 4 g of potassium 
dihydrogen phosphate. Sixteen grams (0.15 moles) of selenium 
dioxide were added, with vigorous mechanical stirring, and the 
mixture was allowed to reflux for 3 hours. (Poisonous selenium 
dioxide should be handled with caution.) As the reaction tempera¬ 
ture increased, the solution turned dark red. The cooled 
solution was filtered with suction and the precipitated selenium 
was washed with ether. The filtrate was washed with brine, and 
the aqueous layer was separated. This layer was extracted 5 
times with 60-ml portions of anhydrous ether. The combined 
organic layers were washed 3 times with 50-ml portions of 5% 
aqueous sodium hydroxide and 2 times with brine. Before a 
separation of layers could be effected, the emulsion which formed 
was filtered. After a final washing with brine, the solution 
was dried over sodium sulfate. The ether was removed in vacuo 
and the residue was distilled. The alcohol distilled at 
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100°/1 mm giving 22.2 g (58.5% yield; highest yield, 80.7%). 
Reported:3 67°/0.1 mm. X (CC14) 3.04, 3.39, 5.98, 7.48, 9.05, 
9.70, 9.92, 10.45, 10.99, 13.87y; 6 = 1.5 (2H, multiplet), 2.65 
(2H, complex multiplet), 3.0 (1H, multiplet), 3.4 (2H, multiplet), 
4.0 (1H, multiplet), 5.6 (2H, multiplet), 5.9 (2H, multiplet). 
Chlorodihydro-nor-dicyclopentadiene (2a).— This compound 
was prepared according to a modified procedure of S. Winstein, 
et. al. 15 A mixture of 132 g (1 mole) of endo-dicyclopentadiene 
and 200 ml of concentrated aqueous hydrochloric acid was refluxed, 
with moderate stirring, at 60-70° for 5 hours. The brownish 
mixture was allowed to cool, and then was extracted with anhy¬ 
drous ether. The ether extracts were washed, first, with 50 ml 
5% aqueous sodium bicarbonate, then with 100 ml of brine, and 
dried over sodium sulfate. Removal of the solvent in vacuo and 
distillation of the crude chloride through a Vigreux column gave 
170.8 g (82.7% yield; highest yield, 89.8%), b.p. 102-103°/13 mm 
(Reported:15 102-104°/10-12 mm). X (CC14) 3.4, 6.92, 7.74, 7.93, 
9.62, 10.05, 11.12, 11.45, 14.24, 15.33y; 6 = 1.45 (2H, multiplet), 
2.0 (6H, complex multiplet), 2.5 (2H, complex multiplet), 3.85 
(1H, multiplet), 5.4 (1H, multiplet), 5.7 (1H, multiplet) ppm. 
Exo-dicyclopentadiene (2^).— To a solution of 135.68 g 
(0.81 moles) of chlorodihydro-nor-dicyclopentadiene in 400 ml of 
dimethylsulfoxide were added 134.4 g (1.2 moles) of potassium 
t-butoxide. This mixture was refluxed, with moderate stirring, 
at 80° for 1 hour. The cooled brown reaction mixture was poured 
into cold water, and the resulting mixture was extracted 4 times 
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with 60-ml portions of hexane. The clear hexane extracts were 
washed twice with 100 ml distilled water, 50 ml of brine, and 
dried over sodium sulfate. The product was distilled giving a 
colorless liquid, 47.4g (80.8% yield; highest yield, 94%), b.p. 
66-67°/19 mm (Reported:6 55-60°/9-12 mm). A (CC14) 3.29, 3.4, 
6.2, 6.99, 7.54, 11.0, 14.1, 14.9y; 6 = 1.4 (4H, singlet), 2.5 
(6H, complex multiplet), 5.6 (1H, triplet, J = 7 cps), 6.05 
(1H, singlet) ppm. 
1-Acetoxy-exo-dicyclopentadiene (5a).— The acetate was pre¬ 
pared according to a modified procedure of Bartlett and 
17 
Schneider. A suspension of 12.5 g (0.11 moles) of selenium 
dioxide (CautionI) in 3 ml of water was added, with mild stir¬ 
ring, to a colution of 15 g (0.11 moles) of exo-dicyclopenta- 
diene in 45 ml of acetic anhydridé. After the initial exo¬ 
thermic reaction subsided, the mixture was refluxed at 60-70° 
for 1^-2 hours. The precipitated selenium caused the solution 
to turn dark red. When the reaction was complete, the selenium 
was filtered via suction and washed with anhydrous ether. 
Distilled water (25 ml) was added to the filtrate, and this 
mixture was heated on the steam cone to destroy the excess 
anhydride. The mixture was then extracted with five 50-ml 
portions of anhydrous ether. The ether extracts were washed 
with 60 ml of 5% aqueous sodium hydroxide and with brine, and 
dried over sodium sulfate. The ether was removed in vacuo, and 
the acetate was distilled to give 10.56 g (32.85% yield; highest 
yield, 53%); b.p. 70°/0.45 mm. A (CC14) 2.9, 3.3, 3.4, 5.8 
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( C=0) , 7.35, 8.1, 8.96, 9.84, 10.1, 14.4y; 6 = 1.2 (2H, singlet), 
1.9 (4H, singlet), 2.75 (4H, multiplet), 5.8 (2H, multiplet), 
6.15 (2H, triplet, J = 1.5 cps) ppm. 
g-l-Hydroxy-exo-dicyclopentadiene (]_) .— Preparation of this 
compound was accomplished using the procedure of Bartlett and 
Schneider Fifteen grams (0.08 moles) of the acetate were 
refluxed with 50 ml of 15% methanolic potassium hydroxide for 
2 hours. Upon cooling, water was added and the mixture was 
extracted with six 25-ml portions of anhydrous ether. The ether 
extracts were washed with brine and dried over sodium sulfate. 
The ether was removed in vacuo, and the alcohol was distilled, 
giving 8.74 g (83.5% yield; highest yield, 90%), b.p. 74-76°/ 
2 mm (Reported: 82°/0.5 mm). X (CC14) 3.4, 7.05, 7.8, 8.0, 
9.15, 11.6, 14.4y ; 6 = 1.3 (2H, multiplet), 2.0 (1H, doublet, 
J = 7 cps), 2.7 (3H, multiplet), 4.0 (1H, singlet), 4.25 (1H, 
multiplet), 5.8 (2H, singlet), 6.15 (2H, singlet) ppm. 
Thermal reactions of endo- and exo-dicyclopentadiene.-- 
Approximately one gram portions of the diene were placed in a 
clean Pyrex tube which was evacuated, using the aspirator or 
vacuum pump, and sealed. These tubes were heated in an oil 
bath (150°) for 1^-2 hours. The tubes were cooled with tap 
water and opened. Aliquots of approximately yl were with¬ 
drawn for analysis by gas chromatography. A 5' x V 20% Se30 
column was used for the analyses; flow rate 58 ml/min. Tempera¬ 
tures: injection port, 160°; column, 120°; detector, 200°; 
collector, 185°. Retention times: cyclopentadiene, 0.25 min.; 
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endo-dicyclopentadiene, 4.5 rain.; exo-dicyclopentadiene, 4.34 min. 
Thermal rearrangement of endo- and exo-hydroxydicyclopenta- 
diene.— The treatment of these compounds was identical to that 
for the dienes. Carbon tetrachloride was added to each sample 
before chromatographic analysis to facilitate the withdrawal of 
the compounds into the syringe. To collect the rearranged pro¬ 
duct, an L-shaped glass tube, leading from the chromatograph 
collector to a dry ice-acetone-cooled NMR tube was used. A 
5' x V Carbowax 20M column was used for these analyses; flow 
rate, 62 ml/min. Temperatures: injection port, 215°; column, 
150°; detector, 255°; collector, 235°. Retention times: a-1- 
hydroxy-endo-dicyclopentadiene, 10.95 min.; syn-8-hydroxy-endo- 
dicyclopentadiene, 7.2 min.; ot-1-hydroxy-exo-dicyclopentadiene , 
10.9 min.; anti-8-hydroxy-exo-dicyclopentadiene, 6.98 min. 
Irradiation of endo- and exo-dicyclopentadiene and endo- 
and exo-hydroxydicyclopentadiene.— To a solution of 2 g of each 
compound in 200 ml of hexane were added approximately 10 mg of 
benzophenone. These solutions were irradiated, with stirring, 
for 10, 15, 30, 45, 60, and 90 minutes. After each irradiation 
period, aliquots were withdrawn and analyzed on the gas chromato¬ 
graph, using an Se30 column for the dienes and a Carbowax 
column for the alcohols. Temperatures (dienes): column, 120°; 
collector, 200°; detector, 215°; injector, 1700. Flow rate, 
58 ml/min. Retention times (dienes): endo-dicyclopentadiene, 
4.85 min.; exo-dicyclopentadiene, 4.45 min. The conditions for 
analyzing the alcohols were the same as in the thermal reactions. 
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